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ABSTRACT
Background: In India, type 2 diabetes mellitus(DM) is an epidemic disorder because of social impact and changes in
way of life. According to the WHO, 72 million people were affected by DM in India in the year 2017, a figure expected
to almost double to 134 million by 2025, the largest number in any country in the world. Aims and Objectives: The aim
is to investigate the Lipid Peroxidation, Oxidative stress and its correlation with Glycated Hb in Type2 Diabetes of North
West Punjabi population. Material and Methods: This cross- sectional study included 200 subjects, 100 were type 2
diabetic patients and 100 were healthy non-diabetic individuals. The data were analyzed using a t test. Results; The
results showed positive correlation between HbAlc and fasting blood Glucose (r = 0.417, p= 0.000) with
MDA(r=0.340,p=0.000), Triglycerides (r = 0.214, p= 0.003), Total cholesterol(r= 0.306,p=<0.002), Non
HDL(r=0.322,p=0.001), LDL(r=0.327,p=0.001), VLDL(r=0.318,p=<0.001), with glycated Hb in patients of type 2
diabetes mellitus. Similarly, with HbAlc and with BMI (r= 0.422,p=0.000) with glycated Hb in patients of type 2
diabetes mellitus, Whereas negative correlation was observed between HbAlc and other parameters like  HDL
(r=0.197, p=0.050), HDL to LDL ratio(r= 0.144,p= 0.152), SOD(r=0.025,p=0.803). Conclusion; As glycemic
control of diabetic patient decreases, this increase of glycated Hb leads to atherogenic lipid profile along with increased
lipid peroxidation, thus making the individual susceptible to various complications, both macrovascular and
microvascular.
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INTRODUCTION

Globally, type 2 diabetes mellitus (T2DM) is a swiftly escalating public health issue with noteworthy effects on
human health, living standards, the economy and health care systems[1].Statistics from the International Diabetes
Federation (IDF) indicate that 425 million adults worldwide have diabetes mellitus (DM) and that by 2045, the number
of DM patients will be 629 million and 352 million people will be at risk of developing T2DM[2].

Hyperglycemia activates certain upstream events that lead to mitochondrial overproduction of reactive oxygen
species, which increases the oxidative stress status[3,4]. Oxidative stress mediates insulin resistance and hence
accelerates the progression of glucose intolerance to diabetes mellitus and its various complications[5].

T2DM patients are prone to diabetic dyslipidemia, which puts them at risk of developing macrovascular (stroke,
peripheral vascular disease and coronary artery disease [CAD]) and microvascular (nephropathy, neuropathy and
retinopathy) diseases[6]. Naqvi et al (2017) have reported that, for T2DM patients, one of the most common
complications linked with uncontrolled hyperglycemia is dyslipidemia[7].

Glycated hemoglobin (HbALc) levels are routinely measured in diabetics to monitor their glycemic control. The goal
is to achieve a level below 7%. Levels of HbAlc can be affected by multiple factors, including sugar intake, exercise and
adherence to medications. Some studies have reported that HbAlc could potentially be utilized as a possible biomarker
for predicting dyslipidemia and cardiovascular disease (CVD)[8.9].

The level of circulating HbAlc is taken as the gold standard of glycemic control, and regulating it is imperative for
avoiding T2DM complications. HbAlc values not only reflect glycemic control but are also the main factor in
determining the risk of diabetes-related complications.[10] and mortality[11].
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There are several conflicting results in the literature, such as a Turkish study that found a significant relationship
between total cholesterol (TC), LDL, triglycerides (TGs) and HbAlc,[12] while others reported no considerable
relationship[13]. Similarly, while one study reported a significant negative relationship between HbAlc and LDLC[14].
Others reported the opposite results[9]. Importantly, a recent study revealed a positive relationship between HbAlc and
high TGs, concluding that HbAlc could be a sign of TG levels and thatit may predict CVD risk factors in T2DM[7].

It has been shown that non-HDL-C is a strong predictor for future cardiovascular risk in patients with or without
exhibiting symptoms of vascular diseases. Furthermore, it has been suggested as a secondary therapeutic target following
LDL-C among patients with raised Triglyceride (TG) by the National Cholesterol Education Program Adult
Treatment Panel 111 [15] owing to its proatherogenic, apo-B-containing lipoprotein fraction of circulating lipid [16].Type
2 diabetic patients have significantly elevated levels of non-HDL-C compared to controls; therefore, it can be used as a
dyslipidemia marker and a predictorfor CVD [17,18] and vascular inflammation [19] in type 2 diabetic patients.

Malondialdehyde (MDA), a toxic stable aldehyde, is produced by the peroxidation of lipids by the reactive oxygen
species [20]. Several protective mechanisms are in place to prevent the histological damage it causes. One is an
antioxidant enzyme, superoxide dismutase (SOD), which catalyzes the dismutation of one of the reactive oxygen
species, superoxide radical, into oxygen and water [21]. Both MDA and SOD can be used as biological markers to
quantify oxidative stress status [22]. Overweight and obesity have long been regarded as health risks associated with the
type 2 diabetes [23].

Our study investigated the Lipid Peroxidation, Oxidative stress and its correlation with Glycated Hb in Type2
Diabetes of North West Punjabi population.

MATERIALAND METHODS;

This cross-sectional study was carried out in the Department of Biochemistry, Government Medical College & Guru
Nanak Dev Hospital Amritsar, Punjab, from January 2022 to March2023. Of the 200 subjects, 100 were type 2 diabetic
patients and 100 were healthy non- diabetic individuals. Healthy non diabetic individuals serve as controls for this study
and were selected from the general population who visited the hospital's outpatient department. The research was
authorized by the Institutional Ethics Committee. All participants provided informed consent. They were exposed to a
complete history and examination, as well as biochemical and special tests.

Inclusion criteria

Diabetics: Patients with type Il diabetics mellitus confirmed by fasting blood sugar, under medication (hypoglycemic
drugs and insulin) in the age group of 26-70 years.

Controls: Normal healthy non diabetic individuals in age group of 26-70 years.

Exclusion criteria

The subjects with liver disease, renal disease, thyroid disease, tuberculosis, hypertension, pancreatitis, Coronary
artery disease (CAD, previous history) Stroke, individuals on drugs like gluco-corticoids, Nicotinic acid, Thyroid
hormones, B adrenergic antagonists and thiazidediuretics, drug addicts patient with endocrinopathies such as acromegaly,
patients with down syndrome were excluded from the present study.

Sample collection and storage

Under aseptic conditions, 5 ml of venous fasting blood was collected. Out of this 1ml was collected in EDTA for
estimation of HbAL1C and 1 ml collectedin sodium fluoride vial for estimation of plasma glucose. 3 ml of Blood was
Centrifuged the sample at 3000rpm for 5min to obtain serum for estimation of various parameters ie. MDA, SOD and
lipid profile.

Biochemical measurement :

. Fasting blood glucose by GOD-POD methods [24].

. Glycated HbAlc by ion exchange methods [25].

. Total cholesterol(TC) by enzymatic endpoint CHOD-POD methods [24].

. Triglycerides (TG) by enzymatic glycerol phosphate oxidase/peroxidase method [24].
. High-density lipoprotein cholesterol (HDL-c) by Peg precipitation method [24].

. Low-density lipoprotein cholesterol (LDL-c) by Friedewald’s Formula [24].

. Very low-density lipoprotein cholesterol (VLDL-c) by Friedewald’s equation LDL-c = Tc-HdL-c (TG/5)
. Non HDL = Total cholesterol - HDL-c

. HDL/LDL = HDL to LDL ratio

10. Malondialdehyde (MDA) by kei Satoh [26].

11. Superoxide dismutase (SOD) by Marklund [27].

12. Body Mass Index (BMI) = weight in kg divided by height in meters squared.
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Statistical analysis

The data thus generated was analyzed Statistically using student ‘t’ test to compare the mean of two groups. ANOVA
for comparison of mean in more than two groups. Pearson’s coefficient of correlation was used to calculate the
correlation between different parameters. p
<0.05 was considered statistically significant.

RESULTS

Out of 100 type 2 diabetes participants, 52 were men and 48 were women. Similar to the study group, the control
group had 100 non-diabetic participants, 58 men and 42 women. 17

% diabetics and 43 % non-diabetics were sharing the age group <= 40. 57 % diabetics and 41

% non-diabetics were sharing the age group of 41-60, the maximum number of diabetics. On the other hand, age
group shared >60, 26 % were diabetics, and 16 % were non-diabetics. Diabetics have a age of 51.33 + 11.2, while non-
diabetics had a Mean age of 44.9 + 14.4 years.

The HbAlc levels of diabetics were divided into four groups based on their glycated hemoglobin levels in the
present study: Group | (=5.4%) had a mean value of 4.29+1.23; Group Il (>5.4%-6.4%) had a mean value of 6.06+0.23;
Group 1 (>6.4%-8.0%) had a mean value of 7.29+0.48; and Group IV (>8.0%) had a mean value of 10.62+1.84, which
was statistically highly significant (p=0.00).

Table-1: Segregation of Patients According to levels of glycated (Hb)

S.NO GROUP MEAN=SD
HbA1C %
| Control 4.11+1.12
I Group 1 patient<=5.4% 4.29+1.23
1 Group 2 patient >5.4% -6.4% 6.06+0.23**
v Group 3 patient >6.4% - 8.0% 7.2940.48%** *
\% Group 4 patient >8.0 10.621+1.84%** Fxk Hxk

When the Diabetics were divided according to glycated Hb, which was statistically highly significant. (p=0.00).
Group | was compared to groups Il (p= **0.11 not significant), 1l (p= ***0.00 highly significant), and IV (p= ***0.00
highly significant). Group Il was compared to Group Il (p=*0.03 significant), IV (p=***0.00 highly significant).
When Group Il and Group IV werecompared, p=***0.00 was found to be highly significant.

Table-2: Mean Value of FBS in Diabetic Patients According to HbA1C

MEAN+SD
S.NO GROUP FBS
(mg%)
| Control 87.59+7.13
I Group 1 patient<=5.4% 133.36+31.56
1| Group 2 patient >5.4% -6.4% 139.90+31.56**
v Group 3 patient >6.4% - 8.0% 238.14+247.98** *
\Y Group 4 patient >8.0 252.11+62.26%* *** **

When the Diabetics were divided according to glycated Hb, it was observed that the level of Fasting blood Glucose
increased as the glycated Hb levels increased, which was statistically significant. (p <0.05).

Group | was compared to groups Il (p=**1.00 not significant), Il (p=**0.48 not significant), and IV (p=**0.31 not
significant). Group Il was compared to Group Ill (p=*0.04significant), IV (p=***0.00 highly significant). When Group
I11 and Group IV were compared, p=**0.97 was found to be not significant.
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Table-3: Mean Value of Total Cholesterol and Triglycerides in Diabetic PatientsAccording to HbA1C

MEANSD
TOTAL

S.NO GROUP CHOLESTEROL TR'GLYCE%}DES
(Mmg%) (mg%)

| Control 151.22+40.72 130.07+60.51

I | Group 1 patient <=5.4% 160.07+48.21 142.01472.41

| Group 2 patient >5.4%-6.4% 162.10+40.80** 159.40£65.09%*

v | Group 3 patient >6.4% - 8.0% 178.18+46.46%* ** 232.65+97.8L%* **

v | Group 4 patient >8.0 18552461 52%% ** ** 235.20+167.30% ** ***

Total Cholesterol (p value **1.00, **0.92, **0.80, **0.78, **0.37, **0.95) **Not Significant Triglycerides (p value
**0.99, ***0.01, *0.04, **0.60, **0.59, ***1.00) *Significant, **Not Significant, ***Highly Significant.

When the Diabetics were divided according to glycated Hb, it was observed that levels of Total Cholesterol and
Triglycerides both increased as the glycated Hb levels increased. The total cholesterol was not statistically significant (p>
0.05), but triglycerides were statistically Significant (p <0.05).

When Group | was compared with Group |1, 111 and IV. Group Il was compared with 111 and IV. When Group I11 was
compared with group IV.

Table-4: Mean Value of Lipo Protein in Diabetic Patients According to HbA1C

MEANZSD
S.NO GROUP HDL LDL VLDL
(mg%o) (mg%o) (mg%o)
| Control 54.23+17.32 65.43+21.79 25.57+11.21
Group 1 patient
| <=r503&, patien 48.25+14.05 79.67+42.30 28.28+14.31
" f;rz(‘;p 269236”‘ 46.23+7.554** 88.65+42.74** 31.85+13.02**
. 0-0. 0
v irZ;p 38933‘“ 43.31+7.748% ** 92.98+54.16%* ** 46.48+19.54% **
. 0-0. 0
Group 4 patient
et tnd 40.05+7.891%% ** %% | 100.14+43.03%% ** ** 57.50458.02%,** **

HDL (p value **0.96, **0.66, **0.24, **0.46, **0.22, **2.00) **Not SignificantLDL (p value **0.98, **0.95, **(.98,
**0.94, **0.88, **0.94) **Not Significant

VLDL (p value **0.99, **0.14, *0.02, **0.81, **0.45, **0.51) *Significant, **Not Significant

When the Diabetics were divided according to glycated Hb, it was observed that levels of HDL decreased and LDL
and VLDL both increased as the glycated Hb levels increased. Change in the levels, HDL and VLDL were statistically
significant (p < 0.05), but LDL was not significant (p >0.05).

When Group | was compared with Group 11, 111 and IV. Group 11 was compared with I11 and IV. When Group 111
was compared with group 1V.

Table-5: Mean Value of HDL to LDL ratio and Non HDL in Diabetic Patients Accordingto HbA1C

MEAN=SD
SNO GROUP HDRLAtTOI'aDL NON HDL
(mg%6) (mg%)

I Control 0.822+0.612 110.22+ 31.23

I Group 1 patient <=5.4% 0.722+0.556 111.72+34.04
i Group 2 patient >5.4% - 6.4% 0.695+0.285** 123.63+£39.21**
v Group 3 patient >6.4% - 8.0% 0.640£0.439%** ** 134.87+46.26%* **
Vi Group 4 patient >8.0 0.52740.321 %% ** ** 139.29+58.81** ** **
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HDL to LDL ratio (p value **1.00, **0.99, **0.92, **0.90, **0.44, **0.88) **Not Significant
Non HDL (p value **0.97, **0.84, **0.74, **0.90, **0.67, **0.98) **Not Significant

When the Diabetics were divided according to glycated Hb, it was observed that levels of HDL to LDL ratio
decreased and Non HDL increased as the glycated Hb levels increased. HDL to LDL ratio and Non HDL were
statistically not significant (p >0.05).

When Group | was compared with Group II, 1l and 1V. Group Il was compared with 111 and 1. When Group 111
was compared with group V.

Table-6: Mean Value of Antioxidant status in Diabetic Patients According to HbA1C

MEAN+SD
S.NO GROUP MDA SOD
(nmol/ml) (ml)
| Control 2.5£1.58 1.12+0.416
1 Group 1 patient <=5.4% 6.55+1.41 0.832+0.331
m Group 2 patient >5.4% - 6.4% 11.11+6.21** 0.802+0.279**
\V; Group 3 patient >6.4% - 8.0% 15.39+£13.64**** 0.752+0.245%* **
vV Group 4 patient >8.0 19.88+16.39%*,** ** 0.722+0.196**,** **

MDA (p value **0.44, **0.54, **0.11, **0.44, ***0.00, **0.54) **Not Significant, ***Highly Significant.
SOD (p value **0.99, **0.92, **0.84, **0.86, **0.72, **0.96) **Not Significant

When the Diabetics were divided according to glycated Hb, it was observed that levels of Lipid Peroxidation
increased and SOD decreased as the glycated Hb levels increased. MDA was statistically significant. (p <0.05) and SOD
were not statistically significant (p>0.05).

When Group | was compared with Group II, 111 and 1VV. Group Il was compared with I1l and 1. When Group 111 was
compared with Group IV.

Table-7: Mean Value of BMI in Diabetics Patients According to HbA1C

MEAN=SD
S.NO GROUP
BMI

I Control 18.82+1.21

I Group 1 patient <=5.4% 25.98+3.84
I Group 2 patient >5.4% - 6.4% 26.04£3.22**
v Group 3 patient >6.4% - 8.0% 26.08+3.84%* **
\% Group 4 patient >8.0 26.2244 48** Fx xx

P value (**1.00, **1.00, **0.99, **1.00, **1.00, **1.00) **Not Significant.

When diabetics were separated according to glycated Hb levels, it was found that the level of BMI increased as the
glycated Hb levels increased, which was statistically significant. (p<0.05). When Group | was compared with Group
I1, 11l and V. Group Il was compared with 111 and 1. When Group 111 was compared with Group IV.

Linear regression analysis showed positive correlation between HbAlc and fasting blood Glucose (r = 0.417, p=
0.000) (fig.1) with MDA(r=0.340,p=0.000), triglycerides (r = 0.214, p= 0.003) (fig.2), Total cholesterol(r= 0.306,
p=<0.002), Non HDL(r=0.322,p=0.001), LDL(r= 0.327, p= 0.001), VLDL(r= 0.318,p=<0.001), with glycated HB in
patients of type 2 diabetes mellitus. Similarly, with HbAlc and with BMI (r= 0.422,p=0.000) with glycated Hb in
patients of type 2 diabetes mellitus, Whereas negative correlation was observed between HbAlc and other parameters
like HDL (r= 0.197, p= 0.050), HDL to LDL ratio(r= 0.144,p= 0.152), SOD(r= 0.025,p=0.803).
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Correlation between HbA1C and FBS
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Figure-1: Correlation between HbAlc and FBS in diabetic patients
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Figure-2: Correlation between HbA1lc and Triglycerides in diabetic patients

DISSCUSSION;

DM is a complex and multifactorial disease. The metabolic dysregulation associated with diabetes causes secondary
pathophysiologic changes in multiple organ systems that impose a heavy burden of morbidity and mortality from
macrovascular and microvascular complications [28].

HbAlc levels could be employed as a possible biomarker for recognizing T2DM patients at risk of CVD and could
be used as a guide for treating patients [7,29]. Our results display a significant positive relationship between HbAlc and
TG. A similar correlation has been reported by several other studies [1,12] that found a positive relationship between
HbA1c andhigh TG levels, in agreement with the present study, although one other study reported no correlation between
HbAlc and TG [13].
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The findings of this study and the others mentioned above indicates that HbAlc is a direct indicator of increased TG
and indirectly helps in assessing the risk for macro- and microvascular problems [1,7].

In T2DM subjects, insulin resistance is considered as the cause of dyslipidemia. The reasons for increased TG levels
in T2DM patients is an inadequate secretion or function of insulin that causes enhanced hepatic secretion of very low
density lipoprotein (VLDL) along with thelate removal of TG-rich lipoproteins, mainly due to enhanced substrate levels
for TG synthesis [30].

The present study found relationship between HbAlc and TC or LDL-C. Our results are consistent with the results
of numerous other studies that have stated a significant relationshipbetween HbAlc and TC and LDL-C [1,6,29].

Further, our results show a statistically non-significant negative link between HbAlc and HDL-C. This is in
agreement with the results from a few other studies [1,12]. but is inconsistent with several studies that reported a notable
negative relationship between HbAlcand HDL-C [13,14,29]. Few other studies have described a positive relationship
between HbAlc and HDL-C [9,31].

The linear regression analysis revealed the link between HbAlc values and TGs (p=0.020) and further showed that
the correlation is independent of age, BMI, TC, LDL-C, HDL-C and FPG levels. Hussain et al (2017) also reported that
HbAlc could be a predictor of TG, TC and LDL-C [1].

Thus the results of our study clearly indicate that there is strong association between the levels of HbAlc and HDL.:
LDL ratio. The levels of the Hb1Ac were found significantly higher in the diabetic group. Similarly the ratio of HDL:
LDL was also altered due to the low levels of the protective high density lipoproteins. The results are similar to the
previous studies done by Seema single and Indumati V, though they have taken LDL:HDL as the parameter because in
their study the ratio was increased [32,33].

It has been reported that in Diabetic patients had a significant higher HbAlc (p= 0.00) levels and lower SOD (p=
0.00) levels when compared to control subjects. Significant positive correlation (r= 0.60, p= 0.00) and negative
correlation (r= - 0.57, p= 0.001) was obtained between duration of diabetes and HbAlc, SOD levels respectively in
diabetics. Also a significant negative correlation (r= - 0.75, p= 0.00) was observed between HbAlc and SOD levels in
diabetic patients. In diabetics with poor glycemic control, SOD levels were significantly (p= 0.002) lower when
compared to patients with good glycemic control[34].

According to another study, production of the oxygen free radicals was directly related to hyperglycaemia and the
duration of diabetes. The MDA levels acted as a marker for lipid peroxidation i.e. oxidative stress and it was significantly
increased in the cases as compared to the controls (P<0.001). In a state of poor metabolic control, increased serum MDA
levels are expected. A positive correlation was found between the mean serum MDA levels and the mean HbAlc levels
in the diabetic patients [35].

The mean + SD of BMI in controls and type 2 diabetic subjects were in the range of group 1 patient (25.98+3.84),
group 2 patient (26.04+3.22), and group 3 patient (26.08+3.84), group 4 patient(26.22+4.48) mg/dl and control group
18.82+1.21mg/dL, respectively. The mean value of BMI was higher in type 2 diabetic subjects compared to controls
(Table-7). Various other studies done in our country demonstrated BMI among diabetic respectively; mean BMI was
24.85kg/m2 in Ramesh Chandra Thanna®® and mean BMI was 23.95 + 3.15 kg/m2 in a study done by L. S. Patil et al
[37].

In the present study we also found positive correlation existed between BMI and HbA1c in type 2 a diabetic subject
which was statistically significant. This is in accordance with Shetty J.K et al [38]. & Kim N.H et al [39].

CONCLUSION:

As glycemic control of diabetic patient decreases, this increase of glycated Hb leads to atherogenic lipid profile
along with increased lipid peroxidation, thus making the individual susceptible to various complications, both
macrovascular and microvascular.
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